Introduction
============

The term 'polycystic ovarian syndrome' (PCOS) represents a heterogeneous and multifaceted entity characterised by hyperandrogenism and/or ovulatory dysfunction. It is also the most common endocrinopathy of women of reproductive age ([@bib1], [@bib2]). According to the Rotterdam criteria (2003) ([@bib3]), a diagnosis of PCOS can be established when at least two out of three criteria are present (oligo-/anovulation, clinical hyperandrogenism or biochemical hyperandrogenaemia and polycystic ovaries) on condition that other causes of oligo-/anovulation or hyperandrogenism/hyperandrogenaemia (hyperprolactinaemia, Cushing's syndrome, congenital adrenal hyperplasia, premature ovarian failure, hypothalamic/pituitary disease, etc.) have been ruled out.

Though it is widely accepted that PCOS is characterised by insulin resistance ([@bib4]), there is no consensus, either regarding the best method of assessment of insulin resistance (IR) in PCOS, nor in terms of the utility of such assessment for subsequent clinical management, such as indications for treatment with insulin-sensitising agents ([@bib5]). It is also well recognised that an euglycaemic--hyperinsulinaemic clamp technique ([@bib6]), regarded as the golden standard for assessment of IR, is too laborious and complicated for use outside research settings. Furthermore, there are also limitations for the use of surrogate models for IR assessment, where it is not possible to stipulate, which method can be regarded as optimal ([@bib7]).

The aim of the study was to compare most commonly used indices of IR (HOMA-IR and QUICKI) with the McAuley index that utilises fasting triglycerides, rather than fasting glucose concentrations. The authors of the latter model ([@bib8]), claim that in the multivariate model, inclusion of fasting triglycerides increases sensitivity of the model to assess IR even better than HOMA, fasting insulin or fasting insulin-to-glucose ratio.

The second aim of the study was to compare the above mentioned indices of IR derived from fasting values (insulin plus glucose/triglycerides) with indices of IR derived from glucose and insulin measurements during 75 g oral glucose tolerance test (OGTT), such as Insulin Resistance (Belfiore) Index (IRI) ([@bib9]), Matsuda index ([@bib10]) and Stumvoll index ([@bib11]).

Subjects and methods
====================

The study included 478 women aged 24.75 ± 8.05 years (mean ± [s.d.]{.smallcaps}), body mass index (BMI) 27.27 ± 7.18 kg/m^2^ who underwent investigations for irregular periods, hirsutism or biochemical hyperandrogenism in the Department of Endocrinology and Metabolic Diseases, The Medical University of Lodz and The Polish Mother's Memorial Hospital Research Institute in Lodz, Poland (between 2013 and 2016). A diagnosis of PCOS was established according to the Rotterdam consensus criteria ([@bib3]). All patients were subjected to an identical investigation protocol that included hormonal assessment (TSH, free T~4~ and free T~3~, prolactin, total testosterone, androstenedione, DHEAS, 17-hydroxy-progesterone, cortisol after 1 mg overnight dexamethasone suppression test, fasting blood lipids and intravaginal pelvic ultrasound). All subjects also underwent glucose and insulin measurements during 75 g OGTT, where measurements were performed at 0, 60 and 120 min.

If clinically indicated, additional tests (such as IGF-I, growth hormone during OGTT, 17-hydroxy-progesterone measurements after 250 µg of intravenous Synacthen, 24-h prolactin secretion profiles) were performed. All investigations were performed in the early follicular phase of either a spontaneous cycle or after induction of the menstrual bleeding with a progestagen (usually dydrogesterone (Duphaston) 10 mg twice a day for ten days).

Insulin resistance index (IRI) was calculated from changes of glycaemia and insulinaemia during a 75 g oral glucose tolerance test (OGTT) according to the method described by Belfiore and coworkers ([@bib9]). IRI was calculated through the formula: ISI~(Gly)~ = 2/(1/(INSp × GLYp)) + 1, where INSp and GLYp are the measured insulin and glycaemic areas. In normal subjects, ISI(gly) are always around 1, with maximal variations between 0 and 2. This method is based on changes of glycaemia and insulinaemia during OGTT. According to the same authors, the assessment of free fatty acids (FFA) during OGTT is equally effective for the purpose of calculation of the IRI ([@bib9]).

HOMA-IR index was calculated according to the formula: HOMA-IR = (fasting glucose) (mmol/L) × (fasting insulin) (µU/mL)/22.5) ([@bib12]). QUICKI index was calculated according to the formula: QUICKI = 1/(log(I~0~) + log(G~0~)), where I~0~ denotes fasting insulin and G~0~ denotes fasting glucose ([@bib13]).

McAuley index was calculated according to the formula: Mffm/I = e (2.63 -- 0.28 ln (I~0~) -- 031 ln (TAG~0~)), where TAG~0~ denotes fasting triglyceride concentrations ([@bib8]).

Matsuda index ([@bib10]) was calculated according to formula:
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where: I~0~, fasting plasma insulin concentration (IU/L); G~0~, fasting plasma glucose concentration (mg/dL); G~mean~, mean plasma glucose concentration during OGTT (mg/dL); I~mean~, mean plasma insulin concentration during OGTT (U/L).

As in fact there are several formulae used to calculate Stumvoll index ([@bib11]), we have chosen the most commonly used two formulae:
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where: I~0~, fasting insulin (pmol/L); I~120~, insulin concentration at 120 min of OGTT (pmol/L); G~120~, glucose concentrations at 120 min of OGTT (mmol/L).

As inclusion of parameters, such as age and BMI, in our opinion, could enrich analysed models, based almost exclusively on glucose and insulin, then we have decided to include into our analysis also a formula for the Stumvoll index that involves few measurements during OGTT, but incorporates demographic data, such as age and BMI into the model:
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where: I~120~, insulin concentration at 120 min of OGTT (pmol/L).

As patients previously diagnosed with type 2 diabetes according to high fasting blood glucose criterion (glucose concentrations \>7.0 mmol/L) do not require an OGTT to confirm a diagnosis of diabetes, then they were not included into the study.

Statistical analysis was performed by the means of MedClac software, version 16.4.3.

Clinical and hormonal characteristics of subjects participating in the study are presented in the study are presented in [Table 1](#tbl1){ref-type="table"}. The study was approved by the Ethics Committee of the Polish Mother's Memorial Hospital--Research Institute. Table 1Clinical, biochemical and hormonal characteristics of subjects participating in the study (*n* = 478).Mean[s.d.]{.smallcaps}Age (years)24.758.05BMI (kg/m^2^)27.277.18Total cholesterol (mg/dL)17034.39LDL cholesterol (mg/dL)10557.64HDL cholesterol (mg/dL)5216.25Triglycerides (mg/dL)10460.6417-Hydroxy-progesterone (ng/mL)1.090.62Oestradiol (pg/mL)6983.80Free T~4~ (ng/dL)1.250.32TSH (IU/L)2.081.19Glucose (mmol/L)4.570.45Insulin (IU/mL)129.28HOMA-IR2.66952.0990QUICKI0.61230.1150McAuley index7.29511.9786IRI (Belfiore)1.190.36Matsuda index5.93044.0530Stumvoll 0--120 index0.072000.04793Stumvoll with demographics index0.079320.05875Androstenedione (ng/mL)3.951.73DHEAS (µg/dL)306132.19Total testosterone (µg/mL)0.530.23

Consent has been obtained from each patient or subject after full explanation of the purpose and nature of all procedures used.

Results
=======

During OGTT, 19 patients (3.97%) were found to have impaired fasting glucose (i.e. glucose concentrations 5.56--7.0 mmol/L), 42 patients (8.78%) were found to have impaired glucose tolerance (i.e. glucose concentration 7.0--11.1 mmol/L at 120 min of OGTT), while 5 patients (1.04%) were found to have frank diabetes (glucose concentrations \>11.1 mmol/L at 120 min of OGTT). Four of these patients (0.8%) were also found to have simultaneously impaired fasting glucose. Coexistence of both impaired fasting glucose and impaired glucose tolerance was observed in eight (1.67%) patients.

Percentile distribution of IR indices calculated according the HOMA, IRI, QUICKI, McAuley index, Matsuda index and Stumvoll~0,120~ and Stumvoll~demographics~ models is presented in [Table 2](#tbl2){ref-type="table"}. Table 2Percentile distribution of insulin resistance indices in a group of 478 women with polycystic ovary syndrome.PercentilesHOMA (95% CI)IRI (Belfiore) (95% CI)QUICKI (95% CI)McAuley (95% CI)Matsuda (95% CI)Stumvoll 0--120 (95% CI)Stumvoll with demographics (95% CI)2.50.630.42--0.720.270.00--0.380.420.40--0.443.90713.3684--4.33531.140.83--1.42−0.06−0.13 to −0.02−0.06−0.15 to −0.0350.780.66--0.870.470.33--0.550.400.39--0.414.45774.0308--4.66741.471.16--1.75−0.01−0.059 to 0.004−0.03−0.056 to −0.015100.970.87--1.010.650.57--0.700.3850.38--0.394.94804.6884--5.19081.921.65--2.170.0170.0003--0.0280.006--0.016 to 0.014251.421.30--1.540.890.83--0.920.360.35--0.375.79025.5725--6.06723.122.65--3.370.0570.048--0.0650.0520.037--0.064753.252.94--3.511.461.43--1.510.320.31--0.338.60448.3731--8.85647.666.92--8.480.100.099--0.1050.120.11--0.12904.604.25--5.771.671.63--1.700.300.29--0.3110.07239.7055--10.339411.4610.13--12.300.1110.11--0.1150.1310.12--0.13956.685.84--7.701.741.70--1.790.290.28--0.3010.670910.347--11.176214.0312.00--16.750.1180.114--0.1190.1370.13--0.1497.58.537.23--9.821.821.76--1.850.280.27--0.2911.612710.853--12.054217.2314.61--20.580.120.118--0.1230.1420.13--0.14[^1]

Spearman rank correlations between insulin resistance indices are presented in [Table 3](#tbl3){ref-type="table"}. There was a very good correlation (*P* \< 0.001) between IR indices based on fasting values of glucose and insulin and/or triglycerides, e.g. HOMA vs QUICKI, *r* = −0.999, [Fig. 1A](#fig1){ref-type="fig"}, HOMA-IR vs McAuley, *r* = −0.849 ([Fig. 1B](#fig1){ref-type="fig"} and [Table 3](#tbl3){ref-type="table"}). There was also a very good and significant correlation between OGTT-derived IR indices (*P* \< 0.001), for instance, IRI vs Matsuda index, *r* = −0.876 ([Fig. 1C](#fig1){ref-type="fig"}), IRI vs Stumvoll~0,120~ ([Fig. 1D](#fig1){ref-type="fig"}), *r* = −0.808, Stumvoll~0,120~, vs Matsuda index, *r* = 0.947 ([Fig. 1E](#fig1){ref-type="fig"}). In contrast, correlation between IR indices derived from OGTT and fasting values was highly variable, ranging from relatively good correlation between Matsuda index and HOMA-IR (*r* = −0.881) ([Fig. 1F](#fig1){ref-type="fig"}), through moderate correlation between HOMA-IR and IRI (0.582) ([Fig. 1G](#fig1){ref-type="fig"}) or IRI vs QUICKI (*r* = −0.580) ([Fig. 1H](#fig1){ref-type="fig"}), up to rather weak correlation between Matsuda index and QUICKI (*r* = 0.386) ([Fig. 1I](#fig1){ref-type="fig"}) or between Stumvoll~0,120~ and QUICKI (*r* = 0.410) ([Fig. 1J](#fig1){ref-type="fig"}). Correlation between Stumvoll~demographics~ index, that involves data such as age and BMI, but only single insulin concentration at 120 min of OGTT and other IR indices also ranged from rather weak correlation with QUICKI (*r* = 0.439), to good correlation with IRI (*r* = −0.773) and Matsuda index (*r* = 0.856) ([Table 3](#tbl3){ref-type="table"}). Interestingly, correlation between two types of Stumvoll indices (i.e. Stumvoll~0,120~ that includes insulin concentrations at 0 and 120 min of OGTT, and glucose at 120 min OGTT) vs Stumvoll~demographics~ (that utilises age, BMI, single insulin concentration at 120 min of OGTT and no glucose), was good (*r* = 0.874) ([Fig. 1K](#fig1){ref-type="fig"}), but not as perfect as correlation between HOMA-IR and QUICKI (*r* = −0.999) or Matsuda and Stumvoll~0,120~ (*r* = 0.947) ([Table 3](#tbl3){ref-type="table"}). There was a weak, but significant correlation of all IR indices with serum total testosterone concentrations ([Table 4](#tbl4){ref-type="table"}).Figure 1(A) Correlation between HOMA-IR and QUICKI (*r* = −0.999, *P* \< 0.001). (B) Correlation between HOMA-IR and McAuley index (*r* = −0.849, *P* \< 0.001). (C) Correlation between Insulin Resistance (Belfiore) Index (IRI) and Matsuda index (*r* = −0.876, *P* \< 0.001). (D) Correlation between Insulin Resistance (Belfiore) Index (IRI) and Stumvoll~0,120~, (*r* = −0.808, *P* \< 0.001). (E) Correlation between Stumvoll~0,120~ and Matsuda index (*r* = 0.947, *P* \< 0.001). (F) Correlation between Matsuda index and HOMA-IR (*r* = −0.881, *P* \< 0.001). (G) Correlation between HOMA-IR and Insulin Resistance (Belfiore) Index (IRI) (*r* = 0.582, *P* \< 0.001). (H) Correlation between Insulin Resistance (Belfiore) Index (IRI) and QUICKI (*r* = −0.580, *P* \< 0.001). (I) Correlation between Matsuda index and QUICKI (*r* = 0.386, *P* \< 0.001). (J) Correlation between Stumvoll~0,120~ and QUICKI (*r* = 0.410, *P* \< 0.001). (K) Correlation between Stumvoll~0,120~ and Stumvoll~demographics~ (*r* = 0.874, *P* \< 0.001). Table 3Spearman rank correlation between insulin resistance indices (*P* \< 0.001).IRIQUICKiMcAuleyMatsudaStumvoll~0,120~Stumvoll demogr.HOMA-IR0.582−0.999−0.849−0.881−0.832−0.694IRI (Belfiore)--−0.580−0.614−0.876−0.808−0.773QUICKI----0.8500.3860.4100.439McAuley------0.5510.5690.618Matsuda--------0.9470.856Stumvoll~0,120~----------0.874 Table 4Spearman correlation coefficients of serum androgens with insulin resistance indices.Total testosteroneAndrostenedioneDHEA-SHOMA0.1550.1240.0327IRI (Belfiore)0.1390.05360.0825QUICKI−0.152−0.124−0.0382McAuley−0.150−0.122−0.0358Matsuda−0.149−0.110−0.0448Stumvoll 0--120−0.182−0.128−0.0625Stumvoll demogr.−0.201−0.146−0.0541[^2]

In further analysis, we have assessed concordance and discordance between selected IR indices. Due to a strong correlation between HOMA-IR and QUICKI indices (*r* = −0.999), only comparison between HOMA-IR and IRI was used for further assessment. We have also chosen comparison between HOMA-IR and IRI indices, as these indices are routinely used for assessment of IR in our department. Further analysis ([Fig. 2A](#fig2){ref-type="fig"}, [B](#fig2){ref-type="fig"} and [Tables 5](#tbl5){ref-type="table"}, [6](#tbl6){ref-type="table"}) revealed that a significant number of patients would be differently classified in terms of percentile distribution, according to the method applied. Hence, at 75th percentile, out of 132 patients found to be above 75th percentile for IRI, only 70 (53%) would be concomitantly found to be above 75th percentile according to HOMA-IR. The same persisted for 90th percentile, where only 44% of patients found to be above 90th percentile for IRI, was simultaneously above 90th percentile for HOMA-IR ([Fig. 2B](#fig2){ref-type="fig"} and [Table 6](#tbl6){ref-type="table"}). These mentioned discrepancies tended to persist even at extremes of IR spectrum (i.e. above 95th percentile -- [Fig. 2C](#fig2){ref-type="fig"} and [Table 7](#tbl7){ref-type="table"}). Interestingly, the above discrepancies were even amplified, where IRI was compared to the data obtained from McAuley index, where 121/126 (96%), and 52/53 (98%) women with IRI above 75th, and 90th percentile had the value of McAuley index below 75th and 90th percentiles, respectively ([Tables 8](#tbl8){ref-type="table"} and [9](#tbl9){ref-type="table"}). The above mentioned discordance also persisted for values above 95th percentile ([Table 10](#T10){ref-type="table"}).Figure 2(A) Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 75th percentile of data distribution. (B) Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 90th percentile of data distribution. (C) Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 95th percentile of data distribution. Table 5Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 75th percentile of data distribution.HOMA-IR≤3.25\>3.25TotalIRI ≤1.46295 (85%)51 (15%)346 (72.4%) \>1.4662 (47%)70 (53%)132 (27.6%) Total357 (74.7%)121 (25.3%)478 (100%) Table 6Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 90th percentile of data distribution.HOMA-IR≤4.6\>4.6TotalIRI ≤1.67400 (94%)24 (6%)424 (88.7%) \>1.6730 (56%)24 (44%)54 (11.3%) Total430 (90.0%)48 (10.0%)478 (100%) Table 7Concordance and discordance between insulin resistance indices assessed by HOMA-IR and Insulin Resistance (Belfiore) Index at 95th percentile of data distribution.HOMA-IR≤6.68\>6.68TotalIRI ≤1.74432 (95.8%)19 (4.2%)451 (94.4%) \>1.7423 (85.2%)4 (14.8%)54 (11.3%) Total455 (95.2%)23 (4.8%)478 (100%) Table 8Concordance and discordance between insulin resistance indices assessed by McAuley index at 75th percentile of data distribution.McAuley≤8.6\>8.6TotalIRI ≤1.46253 (71.1%)103 (28.9%)356 (73.9%) \>1.46121 (96.0%)5 (4.0%)126 (26.1%) Total374 (77.6%)108 (22.4%)482 (100%) Table 9Concordance and discordance between insulin resistance indices assessed by McAuley index at 90th percentile of data distribution.McAuley≤10.07\>10.07TotalIRI ≤1.67387 (90.2%)42 (9.8%)429 (89.0%) \>1.6752 (98.1%)1 (1.9%)53 (11.0%) Total439 (91.1%)43 (8.9%)482 (100%) Table 10Concordance and discordance between insulin resistance indices assessed by McAuley index at 95th percentile of data distribution.McAuley≤10.67\>10.67TotalIRI ≤1.74432 (95.6%)20 (4.4%)452 (93.8%) \>1.7429 (96.7%)1 (3.3%)30 (6.2%) Total461 (95.6%)21 (4.4%)482 (100%)

Discussion
==========

This study, based on analysis of one of the largest group of women with PCOS, diagnosed in a single centre, according to an identical protocol, leads to three main conclusions. First, there is a very good correlation between indices of IR not only based on fasting glucose and insulin (i.e. HOMA and QUICKI), but also with an McAuley index that utilises fasting triglyceride concentrations instead of fasting glucose. Hence, there is an implication that fasting triglyceride concentrations can be safely used to assess IR in PCOS, instead of fasting glucose. In previous study by Garg and coworkers ([@bib14]), McAuley index was found to have the greatest specificity in large (*n* = 695) group of Indian adolescents, with an excellent correlation with HOMA-IR (*r* ^2^ = 0.965).

Second, correlation between indices of IR based of fasting values (HOMA-IR, QUICKI and McAuley index) is, however, very variable, when compared to assessment of IR by the means of methods based on measurements of glucose and insulin during OGTT, i.e. Insulin Resistance (Belfiore) Index, two variations of Stumvoll index (i.e. Stumvoll~0,120~ and Stumvoll~demographics~) and Matsuda index. This is particularly relevant for QUICKI (i.e. an index involving logarithmic transformation of analysed data), where correlation coefficient might be as low as *r* = 0.386 (QUICKI vs Matsuda index). Correlation coefficients are slightly better, but still rather moderate, for McAuley index, while the greatest variation involves HOMA-IR, that ranges from *r* = 0.582 for correlation with IRI, though *r* = −0.694, with Stumvoll~demographics~, up to a very good correlation with Stumvoll~0,120~ and Matsuda indices (*r* = −0.832, and *r* = −0.881, respectively -- [Table 3](#tbl3){ref-type="table"}). On the other hand, there is quite good correlation between all OGTT-derived IR indices (i.e. IRI, Matsuda index, Stumvoll~0,120~) with slightly weaker correlation with Stumvoll~demographics~, that, however, includes only a single OGTT-derived parameter (insulin at 120 min). Despite very good correlation between HOMA-IR and Matsuda index, in our opinion, some caution is required before we classify the Matsuda index as the best to tool to investigate IR in PCOS. This is because in PCOS patients ([@bib15]) (*n* = 100) correlation of the Matsuda index with the clamp technique (*r* = 0.668) was very similar to Belfiore~area~ index (*r* = 0.645), while the authors state that: 'The presence of a high correlation coefficient does not mean that these indexes have the best predictive performance in diagnosing insulin resistance, because of the presence of many borderline values.' Furthermore, correlation is much weaker with other indices derived from fasting values, i.e. McAuley index, and particularly for QUICKI. There are also data that correlation between HOMA-IR and insulin concentrations during OGTT in women with PCOS is relatively modest (for instance *r* = 0.42, and *r* = 0.52, at 60 and 120 min of OGTT respectively) ([@bib16]). Furthermore, it is known that IR indices derived from fasting glucose and insulin predominantly reflect hepatic rather than peripheral insulin sensitivity that is more reflected by indices that are based on glucose and insulin during OGTT ([@bib17], [@bib18]).

As correlation between IR indices based on fasting vs OGTT-derived data are highly variable even if identical clinical data (e.g. fasting glucose and insulin) are included into the mathematical model (see HOMA-IR and QUICKI); hence, in our opinion, it is virtually impossible to select 'the best' surrogate method for the assessment of insulin resistance in women with PCOS.

In our study, we observed a significant, but relatively weak correlation between all analysed IR indices and total testosterone. Indeed more IR subjects seem to have higher testosterone/dihydrotestosterone ratio, and significant, though not particularly strong correlation with HOMA-IR and QUICKI was reported before ([@bib19]). To the best of our knowledge, this is, however, the first study, where six different IR indices were correlated with serum androgens in such a large group of women with PCOS. Interestingly, we did not observe a correlation of IR indices with DHEAS that was reported by Brennan and coworkers ([@bib20]), though those authors used only HOMA-IR model for their assessment.

From clinical perspective, it is important that significant discrepancies between the methods based on fasting values and OGTT-derived values seem to persist even at the extremes of insulin sensitivity spectrum, i.e. when analysed according to percentiles of data distribution. Hence, a significant number of women classified as most insulin resistant according to one method/s (e.g. based on OGTT-derived data), might be found to be less (or more) insulin resistant according to a different method (e.g. based on fasting data), regardless of a percentile used as a cut-off point. Thus, if a 75th percentile is used, then 47% of women found to be insulin resistant by IRI, would fall below 75th percentile for HOMA. Due to an excellent correlation between HOMA-IR, QUICKI indices, we can assume that the same situation would apply, if QUICKI index were substituted for HOMA-IR. The same applies to 90th percentile, as well as to 95th percentile of data distribution. Interestingly, the opposite situation, i.e. the number of women found to be more insulin resistant according to HOMA-IR than IRI, appears to be less frequent (15%, and 6%, respectively, for 75th and 90th percentile). Given only moderate correlation between McAuley index and OGTT-derived indices (Matsuda, IRI (Belfiore) and Stumvoll) assessment IR by the means of an McAuley index should not be extrapolated to IR assessment based on glucose and insulin measurements during OGTT, as discrepancies are even greater at upper extremes of IR percentile distributions ([Tables 8](#tbl8){ref-type="table"}, [9](#tbl9){ref-type="table"} and [10](#T10){ref-type="table"}).

The last, but not the least, we can state, even in the absence of a control group, that women with PCOS seem to be more insulin resistant than the general population. For instance, 75th percentile for HOMA-IR is 3.25 for our population of women with PCOS, while 75th percentile for the Polish population of Krakow (Poland) was reported as 2.1 ([@bib21]), and 2.29 for the Czech population ([@bib22]). Most quoted cut-off point for the 90th percentile for HOMA-IR is 3.8 ([@bib23]), though precise calculations, also for the Spanish population suggested a cut-off for HOMA-IR of 3.46 ([@bib24]), at 90th percentile of data distribution. For comparison, a 90th percentile for HOMA-IR for our PCOS patients equalled 4.6. The same applies for the Insulin Resistance (Belfiore) Index, where cut-off points for the 75th and 90th percentile were 1.46 and 1.67, respectively, while the quoted cut-off point for this index (no percentile specified) is 1.27 ([@bib25]). Mean values of HOMA-IR and QUICKI in our study, are, however, similar to data of Christodoulopoulou and coworkers ([@bib26]), based on a group of 309 Greek women with PCOS. It must be remembered, however, that our data, though based on a large group of women with PCOS, have been obtained from an almost entirely Caucasian population, while percentile distribution for IR indices may be different, if derived from other (e.g. Asian) populations ([@bib27]).

Finally, the results of our study should be interpreted in view of potential utility of IR assessment in women with PCOS. The issue of insulin resistance in PCOS, though seemingly obvious, is indeed highly problematic, when supposed to be transformed from a theoretical concept into a clinical application. In a seminal paper by Dunaif and coworkers ([@bib28]), IR in PCOS was assessed by the means of euglycaemic glucose-clamp technique in a relatively small group of women, i.e. in nineteen obese and ten non-obese women with PCOS vs eleven obese and eight non-obese controls. The authors concluded that IR was apparent not in terms of surpassing of any predefined cut-off point, based on selected surrogate IR indices, but as a decreased insulin sensitivity, determined by the rate of glucose infusion during the clamp, in comparison to BMI-matched non-PCOS peers. Hence, application of any surrogate insulin resistance indices must be viewed with an extreme caution, as suggested by Diamanti-Kandarakis and coworkers ([@bib29]). Unfortunately, clinical application of the clamp studies apart from technical difficulties, is confounded by small sample sizes, missing data and the lack of Rotterdam criteria phenotype reporting, thus limiting the validity of available evidence ([@bib30]). On the other hand, application of various cut-off points for both fasting and OGTT-derived IR indices results in wide variations in estimated prevalence of IR in PCOS women ranging from 12.2 to 60.5% ([@bib31]), as it was confirmed by our concordance/discordance analysis of selected IR indices. It should also be mentioned that some studies have cast doubt on previously assumed good correlation of data obtained from surrogate IR indices and data obtained from an euglycaemic clamp technique, both for fasting glucose and insulin models ([@bib32]) and for methods based on glucose and insulin during OGTT ([@bib33]). In the latter case, some authors raise the issue that indices derived from OGTT could be subjected to many confounders ([@bib34]). Correlation of IR indices with the clamp method is also influenced by BMI, for instance according to Ruige and coworkers ([@bib35]), Spearman correlation coefficient between clamp method and HOMA, QUICKI and McAuley index is 0.47 for subjects with BMI \>25 kg/m^2^, but drops to 0.33 (HOMA and QUICKI) and even to 0.22 for McAuley index, for subjects with BMI \<25 kg/m^2^. The effects of BMI are also demonstrated in a study by Chrenova and coworkers ([@bib36]) (*n* = 119), where the authors compared several IR indices (both based on fasting and OGTT-derived data) in terms how they discriminate IR resistance between lean and obese. They demonstrated that QUICKI index and Stumvoll~demographics~ offer the least contrast in IR between lean and obese, with much greater contrast obtained by Matsuda and HOMA-IR indices (Stumvoll~0,120~ performing somewhere in the middle). On the other hand, while analysing the spread of individual values from the mean value obtained by the chosen method, the best performance was obtained for Stumvoll~0,120~, and Stumvoll~demographics~ indices, but only for lean subjects. In obese individuals, Stumvoll~0,120~, performed reasonably well, contrasting with Stumvoll~demographics~, that offered the least spread. Ciampelli and coworkers ([@bib15]) demonstrated that different IR indices performed best in PCOS vs postmenopausal women. Hence, a performance of a chosen model for IR assessment may be widely different depending on the characteristics of the studied population, and it is virtually impossible to choose a model that would perform equally well in all populations, regardless of their age, BMI and racial background.

In summary, analysis of our data, based on a large number of women with PCOS, demonstrated that fasting triglycerides can be safely used instead of fasting glucose for assessment of insulin resistance, when compared to methods utilising fasting glucose and insulin. On the other hand, application of methods based on glucose and insulin measurements during OGTT vs methods based entirely on fasting data yields discrepant results in terms of severity of insulin resistance in a significant number of women with PCOS, with a wide variation of correlation coefficients between various methods. Hence, women classified as insulin resistant by one method, might not be equally insulin resistant if analysed by another method. Therefore, in our opinion, currently it is not possible to select either a universal 'cut-off' point in order to define insulin resistance, nor to define 'the best' method of assessment of insulin resistance, for the purpose of clinical practice.
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[^1]: CI, confidence interval.

[^2]: Significant correlations (*P* \< 0.05) are marked in red.
